12 United States Patent

Brochman

US011253896B2

US 11,253,896 B2
*Feb. 22, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(63)

(1)
(52)

(58)

CONDUIT BENDER

Applicant: Brochman Innovations, LLLC, White
Bear Lake, MN (US)

Inventor: Todd Brochman, White Bear Lake,
MN (US)

Assignee: Brochman Innovations, LLC, White
Bear Lake, MN (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 148 days.

This patent 1s subject to a terminal dis-
claimer.

Appl. No.: 16/566,460

Filed: Sep. 10, 2019

Prior Publication Data

US 2020/0222962 Al Jul. 16, 2020

Related U.S. Application Data

Continuation of application No. 16/247.211, filed on
Jan. 14, 2019, now Pat. No. 10,441,984.

Int. CIL.

B21D 7/06 (2006.01)

U.S. CL

CPC e, B21D 7/06 (2013.01)
Field of Classification Search

CPC ........ B21D 7/02; B21D 7/022; B21D 7/024;

B21D 7/06; B21D 7/063; B21D 77/08
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
1,687,210 A 10/1928 Holsclaw et al.
D153,102 S 3/1949 Benfield
2,709,382 A 5/1955 Safranski
(Continued)
FOREIGN PATENT DOCUMENTS
CN ON 107350316 A 11/2017
DE 4319591 Al 10/1994
(Continued)

OTHER PUBLICATTIONS

Electric bender ROBEND® 4000 set, Rothenberger ROBEND
accessed Nov. 18, 2020, 3 pages.

(Continued)

Primary Examiner — Debra M Sullivan

(74) Attorney, Agent, or Firm — Patterson Thuente
Pedersen, P.A.

(57) ABSTRACT

A portable, self-contained conduit bender having a housing
configured to house a reductive gear set, thereby improving
safety and extending the life of the conduit bender by
limiting exposure of the reductive gear set to dust and debris.
The conduit bender includes a motor configured to drive a
driven shait at a first rotational output, a reductive gear set
operably coupling the driven shait to an output shaift, the
reductive gear set configured to reduce the first rotational
output of the driven shaft to a second rotational output of the
output shaft, a housing defining an interior cavity configured
to house the reductive gear set, such that only a portion of
the output shaift emerges from the interior cavity, and a
bender shoe coupleable to the output shaift, the bender shoe
defining an arcuate channel configured to receive conduit
during bending operations.

17 Claims, 14 Drawing Sheets



US 11,253,896 B2

Page 2
(56) References Cited 2004/0182129 Al 9/2004 Hopwood
2008/0190164 Al 8/2008 Boon et al.
U.S. PATENT DOCUMENTS 2009/0188291 A 7/2009 Itrich et al.
2011/0000273 Al 1/2011 Latoria
2.754,880 A 7/1956 Kuehlman et al. 2011/0271727 Al* 11/2011 Plummer ................. B21D 7/16
2,817,986 A 12/1957 Benfield 72/19.8
3,051,218 A %/1962 Franck 2013/0180053 Al 7/2013 Rubin et al.
3,130,633 A 4/1964 Rantsch 2017/0274437 Al 9/2017 Klinger
3,336,779 A 8/1967 Schall
D222,028 S 9/1971 Bentield FOREIGN PATENT DOCUMENTS
D229,281 S 11/1973 Benfield
3,785,190 A 1/1974 Schall et al. FP 0350457 A2 1/1990
3,824,385 A 7/1974  Jackson EP 7106864 A2  10/2000
3,828,602 A 8/1974 Leithiser FR 1387703 A 11/1978
4,077,249 A 3/1978 Schmutter GR 779798221 A {/1990
4,249,407 A 2/1981  Fogleman JP S 54159375 A 12/1979
4,269,056 A 5/1981 Kozinski WO WO0-2004085094 A2 10/2004
4,622,837 A 11/1986 Bergman WO WO 2020/097001 Al 5/2020
4,760,727 A 8/1988 Van Landingham WO WO 2020/097007 Al 5/2020
4,843,858 A 7/1989 Grimm et al.
5,022,249 A * 6/1991 Caporusso ............. B21D 7/024
72/149 OTHER PUBLICATTONS
5,056,347 A 10/1991 Wagner
5,203,192 A 4/1993 Kimura Portable Cyclone, Gardner Bender Portable Cyclone, accessed
D345,742 S 4/1994 Adleman et al. Nov. 18, 2020, 5 pages.
5,501,550 A 41994 Beelen et al. “Sales Brochure,” actoolsupply.com, accessed Sep. 2018, 2 pages.
5,305,223 A 4/1994 Saegusa .
6.026.668 A 22000 Oda et al. Search Report dated Mar. 24, 2020 for PCT Application No.
6,487,889 Bl  12/2002 Bates et al. PCT/US2019/059759, 3 pages.
7,024,905 Bl 4/2006 Carlson et al. Written Opinion dated Mar. 24, 2020 for PCT Application No.
7,293,362 B2 11/2007 Konen PCT/US2019/059759, 5 pages.
D3596,004 5 7/2009 PiCﬁZ% Ibarrondo Search Report and Written Opinion dated Mar. 9, 2020 for PCT
7,900,495 B2 3/2011 Latoria Application No. PCT/US2019/059750, 12 pages.
3,438,955 B2 5/2Oi"3 Wilson, Jr. et al. Application and File history for U.S. Appl. No. 16/247,211, filed
8,511,131 B2 8/2013 Latoria
0.718.108 B2 27017 T atoria Jan. 14, 2019. Inventors: Brochman.
10.189.069 Bl 1/2019 Huang https://www.youtube.com/watch?v=ScsGGM6B9vs, Oct. 31, 2-14,
10,441,984 B1 10/2019 Brochman 2 pages.

D907,980 S 1/2021 Brochman | |
10,919,080 B1 2/2021 Brochman * cited by examiner




U.S. Patent Feb. 22, 2022 Sheet 1 of 14 US 11,253,896 B2

o A

h
Nk . -
- )
:: M 2 a T N - ;"':"
== - N 2 e e S, 3, T P A e,
Nk -
o "
Nk o
: r= ﬂé {"h“h‘h‘h‘h‘?
i s —
h A : S
L

ol

Y Y Y YV Yy ry. o
e
Ll - F aF oF o O O O
- _“_ a
g
) ":._"
&
%, . . ;
] - , ;
\‘i" A il oA : .
" i
l‘h o - . W
b ol ol o ol o
A :
o A
e L
. WY . o P

e , :

G, %""ﬂ,.‘ g Y -~

.
i -t gy -
-mhhihhhhhﬁhhih‘bhm ?-%'-‘h'b"h?-"h“1-7'-7'-?-?-'#7'-7'-7'-?-?-'h?-?-?-?-?-’h?-?-'h?-?-?lﬁ-?-’h7'-?-7'-7'-7'-70-?-?-'h?-?-?-%%%%h’h%%%%%‘-%%%%%%%%%"“‘“ A A A A A A A A A A A A A A A A A A A A A A A A AASARAAASAAAS




US 11,253,896 B2

Sheet 2 of 14

Feb. 22, 2022

U.S. Patent

&
130

3
7
3
.m P o il ] -~
m i “
_,______ |
" .M o ,\\.\r»
.\\..\b).uu......._._.w - ....\....._..F..\m..tt... ~ T
\v.\ .J...ﬁ._.. “,

1968 -

N 126

. - L T
LA ‘< ...1...\.._._..__..._...1:...._......_. = %
il -~
o
-.151\“
....___.E.u.__J_._-
..._.._l.____...__.,.._.l.__....\Lll_.. i
.
T

1960 -

198

FIG. 2A



US 11,253,896 B2

Sheet 3 of 14

Feb. 22, 2022

U.S. Patent

-~ e,
o Mty
) \?\.r\ L, Fua, _.._.H-.HH.._ e —ny

¢
.-._.__...r Ay Ehy ‘-IIJ. ot ar ARG B G 0 P 0 g G R P R g R P g g gt 4\_\.__1___r_\._-1____-_\._-1____-_\._-1____-_\._-1____-\\\\\\\\\\\\\\\\\\\\\\\! P
- .
|

&l
g T 1
M

- \\\s > l.-__".i_.-. .J_. ' .- i L..i
. . *a 1 '~
h;\\. Jl.fl-- _.l._i _.___i ._-

3
t."lﬂ

e

A A A L L A A A A R A A A R R R R R R R

' el ol
\\- Pl A A N A,
;

" —ar_____-__-_—_—_
lu. lllll L
. b ol ol ol ol ol o o |
J. FE
%
%
W
.._..__ g
..-..ll..-\. J“q ll.....ll.l.-'. AEmE ...
1
5
k
A
S
- .
..m r T,
¢ m
4 . .____J-.nu\._.f.__.._i e P
.““ o “ I.I..-.l__..‘.ui..._...-hl I..I._*.wn_...‘._nlﬂ-.
_._ o aT A
L m g T e a2
£ 4 - ’ 1 -
- [ ! .I.!...___..- “__ “ 1..-
3 ; / W h ¢
"— A R g  _
. : AR Y ey atee St S,
& : ; F.L....._\.. : A
¥ g 1
_m.-iﬁm, z w “ !
_ i A
.\-\1’ d : / e :
’ uu\..____ Moy : .
.__{.. ﬁ“ L o P . .nnh.iluhh...u.lu.rl.rEhhhhhhh
> : M.t
: ] “ras
..—

,F
ﬂ::-.*.-.-.

‘{H‘H\HH\‘\H‘H\HH\‘HHHH\‘HH
I

IF\
AR AR LA A AL A A A A A A A R A A A R A A A A LA A A A A AR AR AR A A AR A AR LA LA AN

I E R R R R R R R ERERREREREEREERERREEREEERERERERREEREREREEEREERTEERETR]

E

o

A e gt -

- L]
e,

1G. 2B




US 11,253,896 B2

Sheet 4 of 14

Feb. 22, 2022

U.S. Patent

i

AL L L L L L L L L L L UL L L L L L L L L L L L L L,

"]
b

},_ 134

-

4

+

-~ 158

# N
’ I,
’ I
’ I
’ I
.-...-..I.l..l._ “ “._
" . I
...l....;.. -“« .Hr
P g
4 i
__. I,
’ I
’ I
’ I
’ I
’ I
’ I
-
1
.................................. ol g
" ¥
L'
hi.‘.l...I.l.“‘-
.I..n._.l
! ..iu..l
‘n"
:
"
!
g
o
!
g
o
!
g
o
!
g
o
!
g
g
R
g
o
!
g
o
!
g
o
!
, :
CEp P PP P PP \rtl-_‘t‘l‘tlt‘l‘tl\r\ptlt‘l‘tlt‘ll-_‘t‘l‘tlt‘l‘tl\r\ptlt‘l‘tlt‘l‘-_‘t‘l‘-1t‘l‘\\\\\‘\\‘\\‘\\‘\\‘\\‘\\lﬂ \t‘l‘\t‘l.ﬂ-w
]
) "
i .
)
“ m
K
: H
W..n-t.._..w..u__..w..w..u__..n__..w..u._..n__..w..u__..n__..TTTTTTw..u__..n__..TTUAITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTmM ’ ._n__.%

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111

P

i

-

T ARLLALAL LR

q-""-'l-h.-.
"-"I'"‘_—-.‘.-

.ﬁ

]
-..\_.I_..-_.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.

l‘hm

%

%,

. o
-“__ ..l-..-l.ll..l-.ll.ll..l-..-l.ll..l-..-l.ll..l-.llili-.ilili-.llili-.ilili-.ilili-.llili-.ilill-l-lnvl_q

' 4

[ ]
-'..........‘1‘1‘1‘...............1...“........1‘1‘“

qt.t.‘vt.ﬁ, t.t.t.t.\\“.f.t. r

3 ’
ﬂ
.ﬁ

Y =

b a

FIG. 2C



e 1 ?3

Ed
"

l—.‘

A .
v-..l-.iqithhqithiqiq.uli“l-.hliqhthiqithiqithiqhth iqhn..iqiqh-.l-l-.l-Wlh-.iqiqh-.iqiqh-..lqitht
¥ *

.{..l1.l1l1.l1.l1l1.l1.l1l1.l1l1l1h1l1l1h1l1l1h1l1l1h1l1l1 [

a.r? :

"

%
r
[
[ 9 |
|
* ,_-l”..}.-__.
k. FEFFFFFFFF R EFREFEEFEFEREE

¥

'.1....1.“\...1.‘..\..1...1.11..1..1..1....1.11.1.*.‘.1.1.1..1.1.1..1

o R R R R

L
.

US 11,253,896 B2
" 158

SRR
%
f‘

kY

»
‘k‘:.,
N,

i e e e e e e e e e e e e e Sy

e 120

o
o
Al o ool o o e i o " o o o Al o i o o o o o

1111111111111 r r r rr rr rr r r r r r rrrFrrr r r r Frr T
W E e EE e Em g g M Ep RN O W N T ST N M M S N M M N g N N g N N N mr M mpr m e ar am g e

e e S s o A AATA S PR L BB P ....__.......-_....-_.-_....-......____-..-_....-.-_....t.-....t.-_....t.t....t.t....t.t.._...................t.hﬂ..

X
4

v P ,
: 2181019

ot o o o o o o o o o o g g o g o g o o o o o o o o o o g g o o o o o o o o g o o o o o o o o o g o g o o o o o o o o o o o o g o g g g o g o g o o g o o o o o o o o g g g g o o o o _._ﬂ___..\-_. :

’

. o o o o o o A o o A o o A o o ol A A A A A A A A S A

\Hﬂ%ﬂﬂﬂﬂﬂﬁﬂ}

/ g
s / _n i
. ey 5 f
-, ’ 4 ’
s T g ) ’ .
_.4 ” e, . } 4
- b 8 -w v \....-
-.\ -, “ N ‘ Y
— P PN / L
o e, 1
o Ly 4 r F
” “a, g ’ 4 -
f “ li.q... g g g g i o N AT g g g g R o S R g N T g E N T a a g g R R G  a a  E aE “ ‘-.-r “ - Il..ﬂ‘.n.
& ’ 4 ‘ + : ey, s
2 4 Py < ¢ 7 £ -
o ' * ¥
-- 1 - 1 1 ‘
S m : RN TRy, x.m.}{x}.}{}{}{}{x}.}{}{.{}{}{}.}u\x}{}{}.}. : g s
.._l "- ] - "] l— 1 .‘
” - A : 4 . 4
-.1 - E ] 1 1 ‘
- . / ¢ r
' ] " : / 4 ¥,
” - 4 g 4
b 4 . y ’ ’
” - 4 . 4
” - 4 g 4
Qs 2 : ; : 7
7 : 7 “ : /
h m ] iy / [ #
7. “ : : : “ /
; S : 4 g y Sl
....“ "- “ --“ “ .ﬁtﬂllhﬂkﬂlltﬂkﬂllhﬂkﬂllhﬂkﬂlltﬂkﬂllkﬂkﬂt‘. m " 1 E
7 Loy ; . ‘ x4
o " M ¥ 4 ’ o
# - & A 4 .
# - & A C . 4 :
, / .
m K : : IR )
- y A ) !
m : a_._.__.._r M ; _._"__.L-\..“» __._.._u.VN LA Arra..u.__ m
L.. : &
Y .. Y ___ e / o
& m : SIIRI0E v
: B : IR0 [
2 m o glhI...1fw.“_..1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1Tffffffffffﬂﬁfffffffffff“__., ol ol ud e m L
7 A ¢ : . 7 ,
~ “ oo m
2 .._.“ ﬁ____._ \‘\H‘hhhhhhhhhh‘..ﬂ.hh.ﬂ..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l..l..ﬂ..l.‘.h‘.‘.h‘..ﬂ.h‘.‘.h‘..ﬂ.h.‘..ﬂ.h.‘.h‘ } 3 “qf\u.? “ i
o X . . ’
PN 7 2 % IR PR
ﬁ ..\-., ‘r L e L “
- : d /
o i “
“ m
L ’
7
e, /
w /

U.S. Patent
(0



US 11,253,896 B2

Sheet 6 of 14

Feb. 22, 2022

U.S. Patent

R LAl
A EET el et

“ iy

.-..l....-. -
.I.1l.‘..-‘.ﬁ..l|-.

+
%
7
S
.- \ "
- 1..-_11...1‘ .i-.h. .&l-l__. »\\1‘ .__II .l... .-.‘ r ..-.-.1.! l..ﬂ.
[ ]

'

“a P - "
. . ;
s g il i 4

<
e, : 4 : \\\
l.._._1___. .-...-_-_l l\\ n--w ] .__-..llllq.-_....lu » ht__......;_-. i

F

L3 - .
r - Li-l.‘-‘.l‘.‘.—-‘h. [ 3 ﬂ
.\.. . o WA
l‘-__ ._I.Il n---l_n t..‘-.i-..lq!!.!in‘l.—.l..lk....\ﬁl.l

VAR5
nw. ol ...t.»\ M&..\\«
s

e,

.i
-
1:,:1.
&

o

£

AP .1.\.
h1..._.l_..|

r ~ o
-_h..._ 4 -
- . i
.-u.&- l\u_..l-...

.l.-..-It. ]
l.\.l.-_-..l d l_-.u.ll....li.
e mn b sy

&,
T,
.'I
L]

154 ~——-.
156~

““““““““““

~

L TP o,
-\.”\.. ;.....fh.:.. e,

< Dol P *
* .I_.I..l_. ..l“ .'-...I..l o I__. .‘...I. tllu.n.l”l ._\.““v‘
" L ,y Lo . .__“n.“I
.n.lr— e L oy N ...“l.l_\.
’ - nl...I l_.‘-..l -l

L . ", . $
v ) |.._m-.“\._\_-r\ " gt :I.:. -...l " "
. . ﬁt. tﬂ% hv . l-_-.l‘lnii...l.um o -_l._. ._.‘“l.i.._.-.l...HT o .-n.._rjliq » lﬂ..‘.“““‘_
, T "y P R LN .
2 .n“nv : Ty ol o o dry o

R i

7
s :
‘W o T
7

v

4 ‘._,...”,._.H. m.-\hhhh et wvuﬁu-...__u...uu.w\\ FEE O, D aee™
o

e
A , gy
£ R o

- Pt o A
pre et St
v B T o
- . -
L]

W
-

R o
7o i BT ETTLT

. - . Pt . r
. rL..____..._._.__..__..-._...___.._...?.,_..”-_L,-.._ | n\n\\r...___u_..__...._..._._ Ly \
1.‘!1.1‘[.1..." »

'y "r
T, e A\
L L

o PP

o a Fk
.1u.._-_ ¥ - - -‘\
Trea,; e Ny At vt a A .
._II.-___. ._-.... . -
[ ]

LY
ol
-
w,
a

+‘1.M|\-.
.,.‘..Hahhﬂ.i.. wﬁ.\&

.4

il =
r ‘l
. A -
\\ Py

*
3
‘m
iy
Y
»
y
y
o
"
L]
u
:
4,
n
I“
aTa
I-."‘.‘
y
o
Ih
b
e e e S Lt N
B
%
o

LN
> \\
"
i ™,
L3
,
,
-
Y
*:1 5

e
5,

by
",
,

\
[ ]
e
.,"'-.
[
L
‘-""q.'\..\.."—'\.."q."q.'\..\.."_'\..\..'\..'\.\.'_'\..\.'_*_\.*_'\.\.'—'\p\.'_'\p\.\.\.\.‘—'\p\.'_\.\.\.
B 'u: ‘B_C"-
\.\\.\\l\\l\\\\\l\\‘%‘.\\\.\\\\.\\.\.\\\.\\\.\\.\.
h_
%3‘\

oY

of of of of o ol o of of of o -

—1.3.—‘\1-—’-"*"“".'\
b
,

N
- F
*,
o ey

o

I Sp— A —mwy———t

n .
ki

104

150C ~—
1508
150A

A

-.-
E.I
__-"
d:'l
"';;c.
| 2N
ﬂ"ﬁ'mt;:gxxﬁﬁxxﬂ:&h%ﬂ-‘ﬂmﬁ

[



US 11,253,896 B2

Sheet 7 of 14

Feb. 22, 2022

U.S. Patent

o a w a



U.S. Patent Feb. 22, 2022 Sheet 8 of 14 US 11,253,896 B2

".'-. - ‘1 N
.‘l-.“.' W oy L
” *H\i‘

h
Ll

. Ny
._-h' 1\* . ‘-‘ .:

e o » '
- AR Y

i

Y \\.\
L -
Y . . .,
iy i H\ Py
.. 1:.* \ -‘. L] !.':\* : )
T . o r N .
. 3 5 X b ¥
", 1 ] 3 %
-~ . b "
s : ’: : -
- . \ 5
it y “ t o ‘\\.\:
Ny . t 1, h A
7 A 3 hy X N
- » A by & .t
\::’ ™ > & E_‘".-.‘*
h‘-'i' ‘ .;'I' ‘::l- l:“'-‘
1:‘:'"\: \ e R
- " -_" "l"h ~ L]
T o, - L S
o P W
i T ) tatal, s
e % Sy
- 2 “h?.*u
e x Ty
LY
T -.;S
ey .
- bR
\_1} ‘:':‘
an >
L b
L] .‘.‘_i-l:
e < R
"‘-.-.11“. 2
w o ‘h\:"ﬁ“ :"
OF . R
W . ¥adw Y LR}
L s 1t‘.‘::. 1,‘_-“: ) .
'h“.:;l.h .:r Ly :"' o ""l-*';"}
e, r -\ & - 1! -h‘
ll"'q L] |~'| L] L .'l ]
Wl R S A n o SN W
o ;':*.."' }‘i_{-‘kﬁ.‘}‘hq \::.,‘} -..'.."q-? %
WL W
L "‘-
W
LSl S
L
R SR - RS
Lo

FiG. 4



U.S. Patent Feb. 22, 2022 Sheet 9 of 14 US 11,253,896 B2

L P e

e T AN

l, * % 4 B % 4+ F A
-k h kot or kb ok kT k
L 4 4 T+

"k hr 44

_‘l.'l'l.'l.li-i-'\_
n &

FEFIIFINEFFINIEN SN

— 140

L m * L | "!‘!‘.‘:‘:‘ : " : .

a4 4 &k k44 F F+F F + 4+ rd A

4

AL

4 + + d 4 4 4 4 w2 a1 ¥

= + v #+ d 4 4 4 + ¥+ + &+ 4 4

R RREnr
I AR

.-"_-".-:"';
N4
'd

a
[
v
L
Jwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwuwwwwwuwwuwwuwwuwwuwwuwwuwwwwwuwwuwwuwwuwwwwwuwwuwwwwwuwwuwwuwwuwwuwwuwwuwwwwwuwwwérw
i

o
A

777777777777777

S e oYY

e

r + T ¥k T ]

3 h
L L WL I I R R I LA
a % 4 % bk 4 & &

L]
L
-
. Ll
r =w T = L L
hii‘ii'l.'l‘

- % 4 & L 5 L N

+ + 4

o
= 4+ d & 4 4 4 4 + 4

L
L
L ]

+t 4=
I!-"I

[ o
Al

-
+*

:E.

4 & 4 d 4 4 4 4 + 4 44

I LIV I

fd
LA
£
,
J
[
/,f

4

o
s
-

a,

I
"
[
| ]
+

, &
LI

]
L |
[
e
-
d + 4 + 4

M
]
-

- »
- »
)
4
[
r
Ll
4 d

- Tt o .
.I. 1““.!‘: + :I{h}"'h‘ B )
: ~

NN
'm.:. +.. L :h!‘:h L] - L] ‘.
i.hh '{'i T !

)

*
o

o e T e T Tt

;;;;;;;;

E‘ R SR RO Y
3’@ T N B R E B R
" T - Y ; - . d

-+ M- R+ o ] ok .
o, * - . u ] *, - * AL r L] - ‘.
* " . . ¥ ! e L ‘+-. - g ' - . L *
it N e e e e e e s oy
£ v+ ..
1}!"-."'-

*
+
4

I O )
I TS TSI TSI IS

oy —— . .
e W N 1 ﬁﬁ
o - r .

ol off off ol ol off ol ol o ol ol o o o o o o o o o of



US 11,253,896 B2

Sheet 10 of 14

Feb. 22, 2022

U.S. Patent

- T
-

r
s g e U ...lh..‘.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.%I.I.I.I.I.I.I.I.I.I.tl
._mnl.”u‘l... .1-..‘-.\\1 t.-‘-...l._-..... I.I..‘-n‘.l .\ul-%.t |.|.1.1-1.1.1-1.1.1-1.1.1-1.1.1-1.1|||.1.-1..1..1-1.1.1-1.1.1-1.1.1-1.1.1-1.1.1-1.1.1-1.1'.-..! T.Ul\_-..‘u__lﬂ .‘»—.....Ininininih‘n.‘nini-.l..-rﬂi.
; , L - “, s o P ., .,
: : =, " ; ) ™, .r
] - ..- .-.Ta__. q" ur!
’ 7 . % . I %, )
’ “ ; 3 ' i ! % .
: “ ’ % Y 2 E .
: ; / : Z : “
: u..w 4 v I A » n._ ¢ I
i ¥ f r 1 .__“ ’ ’ ..
’ LK Fe ..m i p M “ v
F e 1r .“ i # .“,. e I
: ‘% H ’ , . 7 ; ; :
._“_r..-.__rL,.___,.__r._r.___,._r.___,..-.__rL,.___,.__rL,..r._r.___,.___,.__rL,.___,.__r.__r..rurtiuriiuriiuriiuriiuf{iu{iilu._ “_ “ r e _.“__ “____ “ __“ “ r ’ “.
“ .I.I “ f .‘1“l.“l.“l.“l.“l.“l.“l.“l.“l.“_l.‘““““““““‘.‘\.““ .“ ‘—_ .-\L “-
“ . r ol " r .
) ' f () e Yy . ) [
a4 + Fy ._.. o F ] -l _“
" 3 e ey : : ’ ", ¥
‘ & -, l;._....__.t.h._.__._, F] "y :r._._l " I
s 1 Fy o v Ay i "
. -_ [ o N A e rar .lq...lu._._.. ' r
! 4 o . ' o’ ™ s
% 3 y ‘. i . /! » i
> L I
: { cor g ¥ . 4 . :
- - L 1
. “ , o4 Ly .Jﬁm.n__.\.__. A __.““ r
r f . 4 ’ + ’ y [
; : i : ok : 400
ﬂ . uttw__-_ 1?..Iﬁ.l-_.-_-L_.. o P -h. u “ - .__“ ’ ““
................. ru. wr e .w M o A ___.»..._..F-.Jq “ X
L P B ._.i .ﬂ_ _I\. ﬁ.ﬂl. .--.I-.. 1
% : il % " iy KPP ] y Bl W » .
o g 1 “. B e ” % Tt L
] “..Ii_.. ..”f " o - ‘i‘q‘l‘{
; 7R § : R ] d ; .
] ] 1 )
" ‘ ot P Rtk " Pkl :.__“.#{.... i ‘ I
- -l-u L Ay g d ! Py :..._. H‘. I r .“ I
[ T 1 1 _‘ o s L ()
3 / : ; L IvE :
I
’ / PO S e / : :
o by F ] ‘
4 ‘ e enn : ] 4 :
[ | \.l 4 r ‘__. d
lh_ o ..__“... -l.._..l “u ! 4 “.
) T v Ta 44 .“_ I
o r -
¥ o ] ._-.l.._.. 4 d L A -.
4 . £ £ /4 ’ : \
[ ] F Y ‘ i d
} _,. : G censrecend ;
“ “... AT, ...-_.. ‘ “.
L .w_ " _._-__._ P aimr .._l.. _.
r 1 ¥ oy I.-_ -.-
.___._r E .. ‘. T T ! s
. Fi
[ ] ___h .ﬂ ' 4 “ r....u. o’ .“
4 ' ’ ¢ S # r o .
] Fy n.I 1._.__. o L J 1._. L]
; “ _ e B e, " ‘ % ﬂ
“ T ‘ LA \_\\ ", 2 " %_, ‘
; o 2 Lot / ¢ 3
m.- [ “ “_ .....L...___._...t nh hh " "t __..t r .-_ d ._.-
" ' ] *y LI i . L 4 ’
r ' - 1 . k.\. o L v 4 .
; A A 7 | )
; y ’ o A '
) - - ﬂ1
I.l.l - I.‘t..\!ILh...IL“.% I.l+ .-l..-. .I.l.- at rl:il. .I_ll. ;l.. “ "m. ’ r
= e ol o l.{_". it. - .li..‘ H\.ni -ﬁ.-. " -.H. o n ' l-. o 1.“
% 4 ) i , # N < aa
#. % “__.. _”.._...,ﬂi "y m.. 5 i TR AP s et ._..._.._N - o e, __““
. r v .__.__.. T i, ..x..___, Aon ﬂ ..__.-"\ e e e e e e u.t.l.t.t.t.t.t.t.t.t.l.iﬂ.ntf.l.t.t.t.l.hk; .._J,..u h_.
. .. S : Y : T4 v
..v % p: (Lt Lttt 2 ;o T i % . I o e, N :
4 , A S ¢ ’ 3 1 " yooL s Y A i
. [} ] r v, *r T r ¥ - r - - "» f_
F '3 F ¥ PR | FT 8 T L N R ’
ﬁl“‘ -‘_ r “ 1“ ““ .-.ﬂ-...—_.l....l........_...-‘i-.-.-... _.-.-n-...-.-l_-\_.._.‘._.-...i..lh -ﬁ " .\.— -.l-_ “l_IIIIIIIIIII.”.“. ‘.l lh “.
2 p o ‘ . LS ¢ S SR AP e i noo%n 4
AL L L LT LT I s b s 4 w ¢ "_“ ““ “. “.....-..1.. .“_..{uq .._.n.. ._.%H “ . “- ' k..\. . .-.uu., > .__" ““ “ : ¥ u___ “
e . ! i r . A * . & r ’ ' '
,__ A} Fe ‘) Ao , A m T P / i I "o e
ks - - ¢ ", g Amaaa ' r . + i ’ ’
. ““ ____,. ...h. ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ .\ a__.n “ rres e .__..__.,_._._.-....._..._.qﬂ-_.ti.- huhrp++\\;ﬁhua1&h\“ﬂum.\-u\n.uw o h........h........ﬁ......ﬂuu o ““ “" w_. _h.. v
" o &+ . s ’ " o 1 =
_.-“ .-___u "y e S P .\-\ “ A L..\\\ Ty “ H" . ’ ‘h_
't a T * ...” A . Jd 4 ._._.__. A . " ,...4..__...-._-._-..-._-._-..-._-._-..-__. AL ra
r A T L - .-1 H [ oY . [ ] F O N R T O ] 3
r i 5 A a * - v
" " .......r e e A A A A A A A AN o o ,__._ Lo \\.. .:.J_ . h_u "
A n .-_-.I.I.-. [ 4 n i.. [ .-l_ o -‘
.ﬁ: Aeia st .u\ m__ ’ v p e, o A
™ y " .« e, |
.\.I.l.-.. ...-_.l._n.l \I_-_.-l lﬁ.. “ r .-..F l.-_ " - .I‘_ .
Fx_ .-n.-.l..‘. ” o - ..“ " " e ___h ._"
L™ L . v b
a \\-‘.. phE Y pk..... ,W =t ..l..l_..u_. ey / .ﬂ .“.
tilu_.. ’, . LI - -\-.\-‘ *a _ﬂ ___‘. "_.
..n-i. L3 -1.-. _li._..! L ] .l.n 1.”_.. »
g . -.,II.- A * 2 ) F
.y -_-.i _ - -~ [ 11. ] L N i
AR s ' Y "
-.l .n:_f \\\ - .lul.l._-_.ﬂ .l..._._
¥ Fasm rd __ o, "
¥, ! u—. L] ‘a
] L] s
. " 1 \\ 1 "
] 1 b
g . v 4 F ,
Y ' \\\ * ¢ 1,
l! lsl.l.._.-..._.I. -.. !
- + . - ]
", e /s ¥
1..__._ 4
N
¥

I""-r
oy \
\} t.
o
-
,'._'l
l."
'..I.
"
]
‘1
[
"
I-'
.'Ir
hy
-
B,
d
%
it N -
by
‘I.‘_ - O e



U.S. Patent Feb. 22, 2022 Sheet 11 of 14 US 11,253,896 B2

. lg:,-l‘:-l'"
J:.,’

r

ol e o e

-
P
T

o ol
%
L e e

-

= 1604
R K 2T 74

~ X
5 134
< :%:ﬁ-—-*.-.—,—‘ 3 )

e ae .-.‘,:

A ey

o ol ol ol ol ol o gl i i ol i o i i

ol
-

T A AL A e e ", 4 n, n, - <
. T Ty iy 4t ]
. . N o ‘h‘-i;"- o ‘.:f'#
L ¥ :
i Ao e oo

[
| Y
‘_
. - y
e g

#a

[}
e e i Wy ey iy

b3
ﬁ;‘*.

f

a
Eﬁlﬁlﬁh
X3

w )
]
B T e T e e e e e e e e e _"l‘h‘h‘h‘h.m-lﬁ.:hh B e T T T T e T T T T e e e T e e e e e e Y I%";"m" {-;\'\r
—‘\_ 1-.:1., "

-.“._ “...*i : h
.\-\?:‘r“‘_ i . Y
- )

- .

g
Lo e

,‘_l'-'ﬁ-'-" l:

__-;-'1-' ]

- w

o gl

P IEL L

]

[ ]

>
o o o o o o o o o oF oF 2o

il'f-"fﬂ'f-"fffﬂffﬂ'ffﬂ'fﬂfﬂ
4
%
)
it
- ol

%
s

172 e

, 3
A = e
1708 i

i"i"ff*fffffffffffffffffffff

"

R

AP Pk o o o r:ll;.-"

il dddddddddd

F
]

oy
s

]
!
¥
Fara s
o A A

. &
“‘M "
- L .,-. ] B,

s it -‘"-|-""Iln"'l:_'u,n-....L . N

e
ASa

N .'I.
.
n r
-t

W
r N\
* ,
y b :
)
B " B Ty e g M e e e T T o e oy My ot e e Ny . g e T e o T e e Ny Sy ™ Ty o e e e e e i M
St ,_lﬂ"'}b.__:)'.‘;__ﬁ-r _ E PR WA

"

h, o " f"‘ ‘:'l'l
- q."a?

o a ol S

F T F F F F F F FFFFFFFFrrFrrrrEFErrErr S rrErErErFErrErFErErEerrmr

T T mom

o
’
“
1]
’
'-""fi‘i’ffi’fffffffffffffﬂ"f

qfﬂ'fffffffd’d‘-"-"‘-"

"'".-..-IM

-'.-'.-'.-l'.-'.-'.-'.-'-i-'.'-'-'-'-'-'.-'
Er
":ql" o

T-"-"J‘J‘J‘J‘J‘J‘J‘J‘J‘J‘J‘fﬂfﬂf

L

4
N e S
il . H"'H#,‘ . et . T
™ . S, ° Ll
“ '\F i Y lh i 'q--h ™ F

T d s
i
'Fi'

.. a4
%)

Y > A

+ )

'-

H L]

h H - ; ¥ : .'I-
L kN ;
N, N — 1648
- \4-%:'*. : G

-

N
e , ‘{P{:r.‘:-*'\-_- . fa

L
-
-'I
L]

EX T L

S
™

“
o
L i

..r..r.nrﬂ x .y"f_.r_‘f

P e e Y e

;;;;;;;




U.S. Patent Feb. 22, 2022 Sheet 12 of 14 US 11,253,896 B2

‘:.H‘._‘t.wuuuu“&:.ﬁ_‘._ -
[y u,

-
E"-F
v
[ ]
L
.r'/
[ 5 “‘

; L] T
L]
\ & LR i
‘Eﬁhh “"q‘h .l-h-'"" - "
e -
:‘hl ‘\"""l. -r"'“ t - a )
VN PR s
N A R L L e
\ 3
b .
) n
) b
b .
% .
~ 3
~ N >
3 85 & ' ™ K i‘:‘:‘. P u
i L . VN L -
r "h.‘i'“ Ny =i e h e T,
H*hﬂ::-.'-.'-..'-. . ..r"'- u “,-.ﬂ“ 1
.l ‘-." -E'-l"' .
- |: *a' f,.‘! -
: - g 9@ E
e el S A - N, ™ S AR T i .
'!i_ - T - B .I- q'*" * T .r- ""1‘ I-.-i*"
o g ¥ L b ” " » e - e B
T k b "p h 2 .r n Il . o Ty Ly ‘_ul"'-.
+ - F N § - - " ¥ o .
: 1-1.1-': 1."-.‘ :r - '++ +: -.ll* LT ‘-llf —— r
B :+:+ h: :+:+: b :1 '-Jl‘ *-l""'- - e
'ri'r -|-++'-i .'ll. - h‘ --++'-|- ++ -|. - 1 N
, e 0 R o e = o~
’ . T e RO N e - e, MK e o A
" . - i'l‘I .'.1- 1.1-‘:*:‘_-‘_1-1:}' " . . T . . .|+++-iil L] MLl .': 1._1.-1-" .‘_"' ) .l."‘
. d 'i-.' ' 'r:l.. s ¥ . *‘Hl,.'lh-r-i- 1.*. : " : + 'rhl-:ﬂ - 1. ‘h\' |. '-i'n- 1,._1.‘1- ":l- 'q.."'- T
= -| i o I"lt ll‘."-Il"h"' ] * ? + oyt i -|-I|"h'hI " Ny l"“ Ty ",
-l q- : 4 § - - r - - L3 - :% %‘ml‘ 1‘. T e o ow " - . \ : : - - L] + : l-.“ '- .1." Fl.*
*\ 0 *:::*::'1\:-*' £33 +~"'

|

4 4 4 &4 4 4L &4 4 4 & 4 4 4 4 & & 4 4 & L 4 & L 4 & L 4 & 4 4 & & 4 & &

v
S s e A
r f" [ 9 i.“‘ !“1 i“‘ L]
- il _— A - roagr ,f’"
5, "'--:” ATy T s AN 3 3
e

e - »
- , k'\""‘u“ . Sy e ‘r". -

B ~ gl ¥ v

F O JF O O O O

3
<
%
by
ol ol ot o ol ol
¥l

r -~ P R . LR S )
o -, 1*:::‘:'"'"""‘ - LA,
i . "lw"

" SRR N RN

.q_l - '-‘-. r“h

ol ol ol ol o o ol o o ol o o ol ol o ol o o ol o o ol o o ol o o ol o o ol o o T

+

-~ 1948

g

ol i Jf o i JF o O JF JF O JF OF O O OF O O OF O O O O AT
r

o,
"""1-:""':":_#

. A,
"“-,_"'

a2

o af of of i JF JF JF JOF JF OF OF O O of O & O

PRl I

F

) AR
N

{ N e
L ]

::;_ = A
LN

7 '-"«.'-._~.'~.
. t ey
Y ‘h"*'l.r'l;ln._rl'
" \.. -
HHHH‘

'I '-.'-.'-.x

5 m 'l
""-.-h.-..-.-l
\ oy
v L
'1""'1 n I_I.."l
- -.*«.ﬁ.-
- *-.,
- ',:..: u.xu’i
~ Bt

b 1{ 1"'"-"'1.‘1.1'-"-

.’rl:

4 & 4 4 4 4L 4 4 4 4 & 4 4 & 4 4 4 4 4 & 4 4 & 4 4 & L 4 & 4 L & & 4 & & 4 4 4 & & 4 4 & 4 4 & L L & L L & 4 4 & & 4 4 4 & & 4 4 & 4 4 & 4 4 & L L & 4 4 & & 2 & & & & 4 & & 4 4 X L 4 &

o o o o o o o o ol o o o o G o o o G o o o o o o o G o o G o o o o o o o o G o o o o o o o o o o o o G o o o G o o o o o o o o o o o o o

&

o O O O O O O O O O O A O O O A O O O O O A O O O O O O O O O O O A O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O A

T A

18R "
N 188B

T .




US 11,253,896 B2

.__‘ liu..l.-.....!”.l.l..l.l...l_-.u‘l.... y I._.n__. . .1\1-.
o Y 3 = v

ek R e i AT : Py id

n\rtlhlq.ll.lll\n.l.nl..l+ti.11.-‘.\...ﬂql e EEEE .l.ul...____.llil_l”.-..___-.l___l....l
- Fa wm E i e e e T o ' ™ P o e * .1[1!...1.-....[..._..-!.__--1 =
Tl R = e e -.___..._......1 A - q.-...____.._..n...._..q\.__..
N.‘ - F 4 - .‘ -y - l-i 1] .%.‘ ...M‘
e T pur W i iy el ..-1.:.-_.. ._....1.__-
" Fa Fu L O o i i "
L l.it..-.-\.-ﬂ.-h‘h F o A .-.hl._ - a am - bopr A . - . .____.i..-..%. \...l.-..nl.
L -l F " - aw Sy L-. S S " P Rl ] .‘l.iu I.-___..-_
Jn!. - - var B - .. * bl ) L - pr e " fip .ﬂ-.-_-..l ! It...t..l.
r F Fu L]
», : ~ e oo - W " 1.1_..__._. .___.._.._...__.._.
- . / g - TP, . \ o . 2
' "
r....,... y % x>k s o v 4 “ RPN Y A T Ty
" 4 ! : e e g A Aoy s
.._..ll. ﬁ_ﬁ . “" ..'.q.“. . oa L EEEY T » o - o - .l.__..._‘..\!l... ..-.:-
& Ty ] L ] - a™ ra -rl...- *
“ ._......-_.-.. l.- 'l " - - Fa T - g —— l._.-.. - - Y “ .-l.ll_._\.....l. l.l...‘..‘..l..l..l....l..-“iu.l.l..__-. 1.l..___...".-_ I.-.I.
- - r N o’ - r »
o .‘__._ - e - -~y L I - o - ] ror ._lﬂ .-.Il.__.. - L]
i l.l . . _-a - ~ .ol A"a M"wm wF aa T . - . +.l... ..1._. c\l._ l_l-. ..l....-.l....i oy uq_-..\
. [ . - B} - . i ¥ -
-..l. T I._-.-.l n‘_.!.\”I.I B ......I... o - P ..lnﬁ r - o A N e o oms Fa M AW i = - - -t i - . - ...l_-..-._.l_u.... .1h.-.. I..\."il..-.-.i. .-...-1.‘-..- .nﬂ-.-__.
4 " oy oA, T . , — T e - o " i *
S _-.I..L.. .l.-_...ll_...l " “a ora r - WY P s A we A Cm S o M TETT F L ad = ) ..1.1.|..\-.‘| ...h\-\ Il..ﬁ. t_”_s. 1.1
-_.-..l.!.\- m ._li..._-_.\. L] T o . r L o e oy - .-‘.hll-ti..ll.. 1.11 1.1....... ._i.i.l 1"-1_...
.. Al T TEA A e Rk, LT it Py - A w
..l.-._.l.._.'..- - l_“.-.-__l..l..i..-..-!.‘...l.._- - s . - ll..l..lut-....‘.l.-ll,m._-q - .t_.__..\.I....l._-.u. - l!.-.1 -.I.\._- l-t.
ah r Hi e atatat PR bl e ' 2 "
.4 L X e A, “, A N
= e, v " r
“\ r .-‘-. 1.ll Il.l- I._I 1.-..'s_. .-.t-.
1 ) ,, - = .
" - 4 F]
) ) .-l. l.l..-..I...l._.l_...‘._-... FoE ._n.__.l_-.l...li-.l.t___lt-_ ._.ri.l.ll.. 'lI .JI..%[. ‘.1._‘
M - " Ly
f 7 ...lq._m_. . -“._._ _.___” o
. . £ 7 » h.n
- L..l' v LA o
0 . %1__ A Py ", L. H_. ﬂ___ <
_.\._ L o ' .1-..-.."__, q;._a . u A ._“_
n-. ..|1 L] \c .-_-_ r lﬁu._. -l_. .-___.
Lo 4 g £ i W A % :
b2 ‘g e “ x v o
, P T 4 A v % b
_ _ E m.__ 1 ,.“. u____. " [ .m_. m. X
x LR AooA P S o W % v
- L/ o 4.4
s i r r Ao "y ’ ’ 1, . ’
ﬂ - 4 \ » , -.‘. 1 o
~ 4 F 7 £ ’ 2 : 7 H"
W : : ;- % k... i f ;o ;
’ o - - -
’ . .k (A o c z
n ..." “.- u.. ﬂ ...._1 .‘._._._.u_ . ._.___ A ‘u‘ “ “______.
...“. ." A .m__. _._u__. REFTIE L .__T.___,. a-._.__.___ W 'y '
4 v s ' . A
79 . 5 o ;o v b
% A ~ ...,u .\ .,..,_. Y ._“_.._ ;
i +
: L 5 % L 4 ;o ;
r [ ] .-....E ' 1k 4.4 . lm.
W ”: - (i . “a " : s v Y
.—.“ ” .._“ ay ﬂ‘ ﬂ-. H.-\ -‘t_.:- .-.I.I a5 l\\ I\-_._. _k\- “
* + + -
.—_.-h". ” - + _..__.-..ll .“-I._ 1ﬂ1. .J.-l- .ﬂq‘.tu.l_. I..-__n__...1.I ..\‘. " .-\-.\ h\‘ hﬁ_.
F [ F o ] Foa
._-..-. H “ R “1 5 i \n._ .ﬂ- .___‘..- 1-\._-..:. .__.__..l.l.-__._ur..i. ._-..l_-..-.-l.-_ W 1‘ 1“1
o 8 | ] l" at i . ‘t_-q l.".‘ —_h\. " l.l.‘..-l l.nil. In.l.-.l.-.‘.i_-.-.l..-..li.‘h.... = hx-.-n \\-. “r -\lv
.... ) - " ] - .11 - ‘._-. .t". .:I iﬂr.-‘i 1‘.1.-..1 l-.._ - \\ .\_r
) - “ " * ' * “ ¥ e .x-. e m_.l. l_-. Il.-_ .-l..I..-...I.ll ﬁ.I....i.....!i....‘._r_. - o 3
i o 4 - ] . -~ - L. e m » x *
.\_..._1.5.” - 3 %7 q.“___. ) A o PN AP ‘\.\ v
] ] = Wi r . - () o
a .\ .‘ e ._I .'h L]
..\A. T y) 2 e e ﬁ____“ ﬁ_____ “ ,_v__, x-._ ___.,._._____ e .
- _I | H ‘ " -l I- - . * -..' = -.‘.l.‘-
" [] .‘ " .-. - -.1 - k. .“ “r .ﬂﬂ.. _ll.-. i.ll. ” 11 _._.." - u\l\l
.ﬁﬁ .‘ 3 “ " -. - -‘. ‘._ .-l ll... o tl .1t.‘_. * L
* 4 x » " *, 'y . .
. “ ] iy " ¥ " "X - !
= i ,t. o .
. |1.‘.__l. !.-.l._.._. lu..ll.-_-. l‘t\.& 1.\‘.....-
i o = o g -
2 h “ I]..l ’ I.l-..-..l .l.l._-l_ll.l nl_ I - Lli ll ”.ll -.H..-‘. \\W H . l“.
. . ____.r ...-q“__._ LT A .._1._..\_‘. ____.h_.___
' - ]
‘_r.._. v 1!‘1.!-.‘...1___..“ *a Rl - ‘”ll. .ll-.l.l._..-l_l l.-I.I.-.l-.-“.‘_- I_Hl..
o e "ty ¥ -y o
Tk e e, “ta T o A
l.__‘_I & .!_..rh_. “‘__.H.I_ T
4 7 “ o, ra
2 £ ol ’ Ty .
L

I.’

By e e T T T B B B B W Ty

4

w
LT T T R B T T R T R R

|

U.S. Patent



U.S. Patent Feb. 22, 2022 Sheet 14 of 14 US 11,253,896 B2

;bl‘\‘t\‘t‘t‘t‘t‘t\'_\\"\':‘-
i :

") 4
3 eyl e, 4

W
N 3
¥ L RAnhile Device
§ORHOHMIE LAEVHE

1
N n
tiﬁxshmma\ﬁ:zzf
tt\h\Wx-:t:
AN, N

t-i\:\xh.\.x 1\:-..3-.,3-._‘:‘

S

206

EE— - = PR T A1 ma%}ie ] :
* B ) ; Cg}ﬁig‘_{}ig%{ _______ ...................

Trigoey
REerss Switeh
Lwitoh



US 11,253,896 B2

1
CONDUIT BENDER

RELATED APPLICATION

This application 1s a continuation of application Ser. No.
16/247,211 filed Jan. 14, 2019, which 1s hereby fully incor-
porated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to conduit bend-
ers, and more particularly to portable, self-contained conduit
benders.

BACKGROUND

Electrical conduit 1s a thin-walled tubing used to protect
and route electrical wiring 1n a building or structure. Elec-
trical conduit, often 1n the form of Electrical Metallic Tubing,
(EMT), 1s constructed of straight elongated sections of
corrosion resistant galvanized steel of about 10 feet 1n
length, with a diameter of between about 2 and 4 inches.
For example, EMT with standard trade size designations of
4 1nch, 34 inch, 1 inch, and 1V4 inch are commonly 1nstalled
by electricians at the site of 1nstallation of electrical equip-
ment, and in compliance with the U.S. National Electric
Code (NEC) and other building codes.

Prior to installation, it 1s often necessary to bend the
conduit. This can be accomplished with a manually operated
tool known as a conduit bender, which provides a desired
bend 1n the conduit without collapsing the conduit walls. A
typical conduit bender includes a handle and a head. The
head 1s generally a one-piece construction, including an
arcuate shoe with a lateral concave channel for supporting
the conduit. A hook 1s generally formed into the head
proximate to one end of the channel for engaging a portion
of conduit received 1n the channel. The handle, which 1s
generally about 2 to 3 feet long, 1s secured to the head and
1s generally positioned 1n a radial line relative to the arcuate
shoe. Such manually operated conduit benders are com-
monly produced by companies such as Benfield Electric Co.,
(Gardner Bender, Greenlee Tools, Ideal Industries, Klein
Tools, and NSI Industries, among others.

To bend the conduit, a length of conduit 1s positioned on
a supporting surface, such as the ground, with a portion of
the conduit positioned within the channel of the arcuate
shoe, such that the hook of the conduit bender engages the
conduit. The handle 1s then forced to roll the shoe onto the
conduit, thereby bending the conduit to fill in the arcuate
channel. Accordingly, the use of a manually operated con-
duit bender requires a stable work surface, as well as space
suilicient to mampulate the handle relative to the conduit.
For larger size conduit, such as EMT with a designated
standard size of a 1 inch or greater, the bending may be
assisted by an electric, hydraulic or pneumatic motor. Vari-
ous heavy-duty wheeled or bench mounted benders are
produced by companies such as Greenlee Tools, among
others.

Frequently installations require the conduit to be routed
along the ceiling or parts of a building structure that are
normally out of reach when standing on the ground. In such
instances, it 1s common to utilize a lift, frequently referred
to as a “cherry picker,” to safely access the intended conduit
route. However, given the limited size of the platform or
basket of most lifts, and the lack of a stable horizontal work
surface, i1t 1s diflicult to operate a manual conduit bender
while using the lift. Accordingly, most electricians bend the
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conduit on the ground belore loading the conduit onto the lift
and ascending to the installation location. If 1t 1s determined
that additional bending 1s required, the electrician must then
descend back to the ground to conduct the additional bend-
ing. In some instances, multiple ascents and descents are
required to complete the electrical routing, all of which can
significantly add to the time and expense of the electrical
conduit installation. Further, i1n some instances, the electri-
cian may be working with multiple conduit diameters, each
of which requires its own specific tool to complete the
desired bends.

Recent advances 1n conduit bending have seen an intro-
duction of portable powered conduit benders. Various
examples of such powered benders are disclosed in U.S. Pat.

Nos. 7,900,495; 9,718,108 and U.S. Patent Publication No.
2009/0188291, assigned to Husky Tools, Inc. Another
example of a bending apparatus 1s disclosed 1n U.S. Patent
Publication No. 2008/0190164. The atorementioned disclo-

sures are hereby incorporated by reference herein to the
extent that they do not contradict teachings of the present
disclosure.

Although these benders are satistactory for their intended
purpose, all include a single large exposed, single stage gear
drive, which makes the bender both bulky and invites the
possibility of injury, as the gear drive includes a pinch point
which can bite the user or grab an article of clothing, such
as a shiurtsleeve, neck lanyard or safety vest. Further, expo-
sure of the drive gear 1nvites the possibility of inadvertent
introduction of foreign matter between the gears, which can
permanently damage the bender, thereby decreasing its
usable life. The present disclosure addresses these concerns.

SUMMARY OF THE DISCLOSURE

Embodiments of the present disclosure provide a portable,
self-contained conduit bender having a housing configured
to house a reductive gear set and motor. Accordingly, the
housing 1s configured to improve user satety by acting as a
shield to inhibit mnadvertent contact with pinch points,
rapidly rotating members and other potentially hazardous
mechanical components of the conduit bender, and to extend
the life of the conduit bender by limiting exposure of the
reductive gear set and motor to dust and debris common in
the work environment. Further, in some embodiments, a
compound reductive gear set can be utilized to provide a
more compact construction. In one embodiment, the com-
pound reductive gear set can include at least one gear in
contact with two other gears, Such contact can include fixed
coupling of the rotational axis of at least one gear to the
rotational axis of another gear. In one embodiment, the
compound reductive gear set can for example employ a train
of at least three gears.

One embodiment of the present disclosure provides a
portable, self-contained conduit bender including a motor,
reductive gear set, housing, and bender shoe. The motor can
be configured to drive a driven shaft at a first rotational
output. The reductive gear set can operably couple the
driven shaft to an output shaft. The reductive gear set can be
configured to reduce the first rotational output of the driven
shaft to a second rotational output of the output shaft. The
housing can define an 1nterior cavity configured to house the
reductive gear set, such that only a portion of the output shaft
emerges from the interior cavity. The bender shoe can be
coupleable to the output shait, and can define an arcuate
channel configured to receive conduit during bending opera-
tions.
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In one embodiment, the arcuate channel of the bender
shoe can be configured to receive at least one of Electrical
Metallic Tubing (EMT), Rigid Metal Conduit (RMC), Inter-
mediate Metal Conduit (IMC), stainless steel tubing, copper
tubing, tubing used for HVAC or refrigeration systems,
tubing used in elevator systems, and other types of tubing or
conduit. In one embodiment, the output shait can include a
quick release configured to enable ease 1n interchangeability
and detachability 1n the coupling of any of two or more
bender shoes to the output shatt.

In one embodiment, the conduit bender can further
include a bearing wheel configured to guide and support
conduit during bending operations. In one embodiment, the
bearing wheel can be driven by an actuation motor to a
desired distance from the output shaft to accommodate
conduit of varying sizes. In one embodiment, the conduit
bender can include a built-in level configured to aid in
leveling the conduit bender relative to a gravitational frame
of reference along at least x-axis and y-axis. In one embodi-
ment, the motor can be at least one of electrically, hydrau-
lically, or pneumatically powered.

In one embodiment, the conduit bender can include a
sensor configured to sense an angular position of the bender
shoe relative to the housing. In one embodiment, the conduit
bender can include a display configured to display a digital
readout of an angular position of the bender shoe. In one
embodiment, the display can further include a user interface
configured to accept mput from a user. In one embodiment,
the user interface can be configured to accept a desired
angular position of the bender shoe relative to the housing.
In one embodiment, the conduit bender can include a
programmable controller configured to automatically cease
operation of the motor upon reaching the desired angular
position as determined by the sensor. In one embodiment,
the conduit bender can further include a worklight config-
ured to illuminate a portion of conduit 1n proximity to the
bender shoe during bending operations.

Another embodiment of the present disclosure provides a
conduit bender including a motor, reductive gear set, hous-
ing, and bender shoe. The motor can be configured to drive
a driven shaft at a first rotational output. The reductive gear
set can operably couple the driven shaft to an output shatt.
The reductive gear set can be configured to reduce the first
rotational output of the driven shait to a second rotational
output of the output shait. The housing can define a handgrip
enabling user manipulation of the conduit bender, and an
interior cavity configured to house the reductive gear set,
such that only a portion of the output shait extends to an
exterior of the housing. The bender shoe can be coupleable
to the output shatft.

Another embodiment of the present disclosure provides a
method of constructing a conduit bender, including: forming,
a housing defining an interior cavity and a handgrip; posi-
tioming a motor configured to rotationally drive a driven
shaft within the mterior cavity; positioning a reductive gear
set configured to operably couple the driven shait to an
output shaft within the interior cavity, such that only a
portion of the output shait emerges from the interior cavity;
and forming a bender shoe coupleable to the output shatt.

Another embodiment of the present disclosure provides a
portable conduit bender including a motor, a reductive gear
set, a bender shoe, and an actuatable bearing wheel. The
motor can be configured to rotationally drive a driven shaft.
The reductive gear set can operably couple the driven shaft
to an output shaft. The bender shoe can be coupleable to the
output shaft, and can define an arcuate channel configured to
receive conduit during bending operations. The actuatable
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bearing wheel can be configured to be driven by an actuation
motor to a desired distance from the output shait to accom-

modate conduit of varying sizes.

In one embodiment, the conduit bender can {further
include a user iterface configured to accept input from the
user. In one embodiment, the user interface can be config-
ured to enable manual adjustment of the actuatable bearing
wheel via the actuation motor. In one embodiment, the user
interface can be configured to accept a desired conduit size,
such that during bending operations a programmable con-
troller operably coupled to the user interface automatically
drives the actuatable bearing wheel to the desired distance
from the output shaft via the actuation motor based on the
accepted desired conduit size. In one embodiment, the user
interface can be configured to accept a desired conduit bend
angle, such that upon activation of the motor a program-
mable controller operably coupled to the user interface can
automatically cease power to the motor upon bending con-
duit to the desired angle. In one embodiment, the program-
mable controller can further be configured to automatically
drive the actuatable bearing wheel from an 1nitial position to
the desired distance from the output shaft via the actuation
motor prior to commencing bending operations, and return
the actuatable bearing wheel to the imitial position via the
actuation motor upon ceasing power to the motor.

The summary above 1s not imtended to describe each
illustrated embodiment or every implementation of the pres-
ent disclosure. The figures and the detailed description that
follow more particularly exemplily these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more completely understood 1in
consideration of the following detailed description of vari-
ous embodiments of the disclosure, in connection with the
accompanying drawings, in which:

FIG. 1 1s a partial cutaway lett side profile view depicting
a conduit bender having components internal to a housing of
the conduit bender, 1n accordance with an embodiment of the
disclosure.

FIG. 2A 1s a left side profile view depicting a conduit
bender 1n accordance with an embodiment of the disclosure.

FIG. 2B 1s a right side profile view depicting the conduit
bender of FIG. 2A.

FIG. 2C 1s a front profile view depicting the conduit
bender of FIG. 2A.

FIG. 2D 1s a top plan view depicting the conduit bender
of FIG. 2A.

FIG. 3A 1s a perspective view depicting a conduit bender
having a bender shoe and a remote user interface, 1n accor-
dance with an embodiment of the disclosure.

FIG. 3B 1s a perspective view depicting a conduit bender
without a bender shoe attached, in accordance with an
embodiment of the disclosure.

FIG. 4 1s a schematic view depicting a compound reduc-
tive gear set, 1n accordance with a first embodiment of the
disclosure.

FIG. § 1s a schematic view depicting a compound reduc-
tive gear set, 1n accordance with a second embodiment of the
disclosure.

FIG. 6 A 1s a left side plan view depicting a conduit bender
having a bender shoe rotated to a first position, 1n accor-
dance with an embodiment of the disclosure.

FIG. 6B 1s a left side plan view of the conduit bender of
FIG. 6B, with the bender shoe rotated to a second position.

FIG. 7 1s a partial cross sectional view depicting a quick
release mechanism of the conduit bender of FIG. 1.
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FIG. 8 1s a schematic view depicting a bearing wheel
assembly, 1n accordance with an embodiment of the disclo-

sure.

FIG. 9A 1s a schematic view depicting a sensor for a
conduit bender, 1n accordance with an embodiment of the
disclosure.

FIG. 9B 1s a plan view depicting a portion of the sensor
of FIG. 9A.

FIG. 10 1s a schematic view depicting a programmable
controller for a conduit bender, in accordance with an
embodiment of the disclosure.

While embodiments of the disclosure are amenable to
various modifications and alternative forms, specifics
thereol shown by way of example 1n the drawings will be
described 1n detail. It should be understood, however, that
the mtention 1s not to limit the disclosure to the particular
embodiments described. On the contrary, the intention 1s to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the subject matter as defined
by the claims.

DETAILED DESCRIPTION

Referring to FIG. 1, a portable conduit bender 100 1s
depicted 1n accordance with an embodiment of the disclo-
sure. The portable conduit bender 100 can be configured to

enable a user to bend conduit, such as Electrical Metallic
Tubing (EMT), Rigid Metal Conduit (RMC), Intermediate

Metal Conduit (IMC), copper tubing, tubing used for HVAC
or refrigeration systems, or tubing used 1n elevator systems,
or other types of tubing or conduit, 1n a confined area, such
as the platform of a lift or other limited workspace. The
portable conduit bender 100 can be configured to bend
conduit of a number of standard trade size designations (e.g.,
3% 1nch, V% inch, 34 inch, 1 inch, 1¥4 inch, 1Y% inch, 2 inch,
214 1nch, 3 1nch, 34 1nch, 4 inch, etc.), or generally conduit
having a diameter of between about 3% 1nch (9.5 mm) and
about 4 inches (101.6 mm). The portable conduit bender 100
can be configured to bend the conduit through a range of
angles between about 0° and about 180° over a time span of
up to about 60 seconds, depending upon the bend angle
desired.

In one embodiment, the conduit bender 100 can be
self-contained, such that a motor 106 and at least a portion
of a reductive gear set 108 reside within a protective housing
110. Accordingly, the housing 110 can define an interior
cavity 112 configured to house at least a portion of the
reductive gear set 108, such that only a portion of the
reductive gear set 108 emerges from the cavity 112 to extend
to an exterior surface 114 of the housing 110, thereby
improving user safety by shielding drive system pinch points
and rotating components which can bite the user or grab an
article of clothing, as well as to extend the life of the conduit
bender 100 by limiting exposure of the reductive gear set

108 and motor 106 to foreign articles, such as dust and
debris.

With additional reference to FIGS. 2A-D, which respec-
tively depict a left side profile, right side profile, front, and
top views of a portable bender 100, 1n accordance with an
embodiment of the disclosure, the housing 110 can be
constructed of a ngid or semi rigid material, such as plastics,
fiberglass, composites, or lightweight metals, such as alu-
minum or magnesium. In some embodiments, the housing
110 can define a handgrip 116 configured to enable a user to
readily grip the conduit bender 100 for ease 1n maneuver-
ability and use. In one embodiment, the housing 110 can
include a leveling device 118 (as depicted 1n 2D), configured
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to serve as an aid 1n leveling the conduit bender 100 relative
to a gravitational frame of reference along at least one of an
x-axis and y-axis. For example, in one embodiment, the
leveling device 118 can be a bubble level, such as a
bull’s-eye bubble level, or some other type of leveling tool,
such as a magnetic level. In some embodiments, the leveling
device 118 can be included within a display 120/keypad 122,
which 1n some embodiments can be incorporated into the
housing 110.

FIG. 3A depicts a conduit bender 100 optionally coupled
to a remote user interface 104, in accordance with an
embodiment of the disclosure. FIG. 3B depicts a conduit
bender 100, with the optional remote user interface 104
selectively removed. In some embodiments, the housing 110
can defilne one or more c¢lectrical connectors 124 (as
depicted 1n FIG. 2B) configured to enable coupling of a user
interface 104, such as a foot switch (as depicted i FIG. 3A)
or mobile computing device (e.g., a cellular phone or tablet,
as depicted 1n FIG. 10) to the conduit bender 100. In other
embodiments, one or more external or remote user interfaces
104 can communicate with the conduit bender 100 via a
wireless connection.

With continued reference to FIGS. 1-3B, in one embodi-
ment, the motor 106 can be fixedly coupled to the housing
110 within the interior cavity 112. In some embodiments, the
motor 106 can be powered by a battery pack 126, which can
be removable and rechargeable. In some embodiments, the
motor 106 can be electrically (e.g., AC or DC power),
pneumatically, or hydraulically operated. The motor 106 can
be configured to rotate a driven shaft 128 at a first rotational
output. The motor 106 can be controlled via a plurality of
inputs. For example, 1n one embodiment, the first rotational
output can be started, stopped and otherwise controlled for
speed, duration or both speed and duration via a trigger 130
(as depicted in FIG. 2A) or other mput, for example,
mounted within the handgrip 116 of the housing 110. In
other embodiments, actuation of the motor 106 can be
controlled via another user input, such as a foot switch 104
(as depicted i FIG. 3A). Forward and reverse directional
control of the first rotational output can be controlled via a
forward and reverse switch 132 (as depicted i FIG. 2A),
which can optionally be mounted in proximity to the
handgrip 116 of the housing 110. In other embodiments, one
or more of actuation, speed, duration, and directional control
of the first rotational output can be controlled, at least 1n part,
by a programmable controller.

With specific reference to FIG. 1, the reductive gear set
108 can be configured to operably couple the driven shait
128 to an output shaft 134, thereby reducing the first
rotational output of the driven shaft 128 to a second rota-
tional output of the output shaft 134. The reductive gear set
108 can be made up of a plurality of different gearing types
and configurations to achieve the desired reduction in RPM
and corresponding increase 1n torque necessary to bend
conduit. For example, in one embodiment, the reductive
gear set 108 can include a worm gear 136, a compound gear
138 (1in which a number of gears, such as a first gear 140 and
a second gear 142 are fixedly coupled together), and an
output gear 144. In one embodiment, the worm gear 136 can
be coupled to the driven shaft 128, and the output gear 144
can be coupled to the output shait 134.

In one embodiment, the reductive gear set 108 can be
constructed of a high strength, rigid material, such as steel;
although other maternials, such as light weight, high-strength
alloys and composites are also contemplated. With reference
to FIG. 4, in one non-limiting, exemplary embodiment, the
first rotational output of the driven shaft 128 can rotate
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between a clockwise rotation of about 450 RPM and a
counterclockwise rotation of about 450 RPM; although other
rotational speeds are also contemplated. The worm gear 136
can be coupled to the driven shaft 128, so as to rotate at the
same speed. The first gear 140 of the compound gear 138,
which can be configured to interface with the worm gear
136, can include the appropriate number of teeth to reduce
the first rotational output by a desired factor (e.g, a factor of
ten). For example, 1n one embodiment, the first gear 140 can
include about 100 teeth. Accordingly, the first gear 140 can
rotate between a clockwise rotation of about 4.5 RPM and
a counterclockwise rotation of about 4.5 RPM. The second
gear 142 of the compound gear 138 can be coupled to the
first gear 140, so as to rotate at the same speed. In one
embodiment, the second gear 142 can have a fewer number
of teeth than the first gear 140. For example, 1n one embodi-
ment, the second gear 142 can include about 20 teeth. The
output gear 144, which can be configured to interface with
the second gear 142, can include the appropriate number of
teeth to further reduce the rotational speed of the compound
gear 138 to the desired second rotational output. For
example, 1n one embodiment, the output gear 144 can
include about 90 teeth. Accordingly, the output gear 144 can
rotate between a clockwise rotation of about 1 RPM and a
counterclockwise rotation of about 1 RPM. The output shatt
134 can be coupled to the output gear 144, so as to rotate at
the same speed. Accordingly, 1n some embodiments, the
reductive gear set 108 can be configured to complete a 90°
conduit bend over the course of about 15 seconds of opera-
tion; although, other rotational output speeds are also con-
templated. For example, 1n one embodiment, the portable
conduit bender 100 can be configured to bend conduit
through a range of angles between about 0° and about 180°
over a time span ol up to about 60 seconds, depending upon
the bend angle desired.

With reference to FIG. 5, an alternative reductive gear set
108' configuration 1s contemplated. In this exemplary
embodiment, the first rotational output of the driven shatt
128 can be driven by a motor 106 to be rotated at a first
rotational output of between a clockwise rotation of about
10,000 RPM and a counterclockwise rotation of about
10,000 RPM; although other rotational speeds are also
contemplated. A worm gear 222 can be coupled to the driven
shaft 128, so as to rotate at the same speed. A first gear 224
of a compound gear 226 (1n which a first gear 224 can be
fixedly coupled to a first bevel gear 228), which can be
configured to interface with the worm gear 222, can include
the appropriate number of teeth to reduce the first rotational
output by a desired factor (e.g., a factor of about 100). For
example, 1n one embodiment, the first gear 224 can include
about 100 teeth. Accordingly, the first gear 224 can rotate
between a clockwise rotation of about 100 RPM and a
counterclockwise rotation of about 100 RPM. A first bevel
gear 228 of the compound gear 226 can be coupled to the
first gear 224, so as to rotate at the same speed. In one
embodiment, the first bevel gear 228 can have a fewer
number of teeth than the first gear 224. For example, 1n one
embodiment, the first bevel gear 228 can include about 20
teeth. A second bevel gear 230 can be configured to interface
with the first bevel gear 228. In one embodiment, the second
bevel gear 230 can include the same number of teeth as the
first bevel gear 228, such that the first bevel gear 228 and the
second bevel gear 230 rotate at the same speed. A second
worm gear 232 can be coupled to the second bevel gear 230,
so as to rotate at the same speed as the second worm gear
232. An output gear 234, which can be configured to
interface with the second worm gear 232, can include the
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appropriate number of teeth to further reduce the rotational
speed to the second rotational output. For example, 1n one
embodiment, the output gear 234 can include about 100
teeth. Accordingly, the output gear 234 can rotate between a
clockwise rotation of about 1 RPM and a counterclockwise
rotation ol about 1 RPM. The output shaft 134 can be
coupled to the output gear 234, so as to rotate at the same
speed. Accordingly, in some embodiments, the reductive
gear set 108' can be configured to complete a 90° conduit
bend over the course of about 15 seconds of operation;
although other rotational output speeds are also contem-
plated.

With reference to FIGS. 3A and 6 A-B, one or more bender
shoes 102 can be selectively coupled to the output shaift 134
to rotate across a range ol motion necessary to complete
desired conduit bends. As depicted i FIG. 3A, 1in one
embodiment, the bender shoe 102 can define an arcuate
channel 146 along a peripheral edge 148 of the bender shoe
102, shaped and sized to receive a cross-section of conduit
ol a standard trade size. The arcuate channel 146 can define
a convex arc corresponding to the NEC approved a mini-
mum bend radius for conduit of a standard trade size.
Accordingly, 1n one embodiment, the size of the bender shoe
102 can be specific to the size of the conduit to be bent.
Different sized bender shoes 102 can be provided for dii-
terent sized conduit. For example, a first bender shoe can be
provided for 2 inch EMT, an optional second bender shoe
can be provided for three-quarter inch EMT, and optional
third and fourth bender shoes can be provided for 1 and 1%
inch EMT. In other embodiments, a combination bender
shoe (not depicted) defining a plurality of arcuate channels
shaped and sized to receive the diflerent diameter conduit
s1zes can be provided. In some embodiments, the bending
shoe 102 can be configured to bend other materials, such as
Rigid Metal Conduit (RMC), Intermediate Metal Conduit
(IMC), copper tubing, tubing used for HVAC or refrigera-
tion systems, tubing used in elevator systems, and other
types of tubing or conduit.

The bender shoe 102 can optionally include markings
150A-C configured to indicate the angular position of the
bender shoe 102 relative to other portions of the conduit
bender 100, 1n particular the housing 110. For example, the
markings 150A-C can optionally include an arrow (A) to be
used with stub, offset and outer marks of saddle bends, a rim
notch (N) configured to aid 1n locating the center of a saddle
bend, a star (S) configured to indicate the back of a 90° bend,
as well as a degree scale depicting common bending angles
relative to the housing 110 (e.g., 10°, 22.5°, 30°, 43°, 60°,
etc.) for offset bends and saddles (not depicted).

In one embodiment, the bender shoe 102 can be con-
structed of a lightweight, rngid material, such as aluminum;
although other materials, such as high-strength plastics and
composites are also contemplated. In one embodiment, the
bender shoe 102 can include a hook 152 configured to
engage conduit recerved within the arcuate channel 146. In
one embodiment, the bender shoe 102 can define a plurality
of material cutouts 154, for example circular throughbores,
configured to reduce the overall weight of the bender shoe
102 by removing material unnecessary for support and
function.

A connection aperture 156 can be defined 1n the bender
shoe 102 for selective coupling of the bender shoe 102 to the
output shait 134. In one embodiment, the connection aper-
ture 156 can be configured to match a keyed cross-section of
the output shaft 134. For example, the output shait 134 can
have a substantially square cross-section; although other
shaft configurations, such as circular, semicircular, elliptical,
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triangular, polygonal, splined, or key cross-sections are also
contemplated. In one embodiment, the output shait 134 can
include a quick release mechanism 158 configured to enable
case 1n connection and disconnection of the bender shoe 102
from the output shaft 134.

For example, with additional reference to FIG. 7, in one
embodiment, the quick release mechanism 138 can include
one or more outwardly biased balls 160A/B configured to
interface with one or more corresponding detents 162A/B
defined within the connection aperture 156. In one embodi-
ment, the one or more balls 160A/B can be forced into one
or more corresponding apertures 164A/B defined within a
tubular wall 166 of the output shaft 134 mto a locked
position. The one or more balls 160A/B can be forced into
the locked position via a release member 168, which can be
shiftable between the locked position (as depicted 1n FIG. 7)
and a release position, for example, by pressing on a release
surtace 172 of the release member 168. In some embodi-
ments, the release member 168 can be biased to the locked
position by a biasing element 174. In the release position,
one or more detents 170A/B defined by the release member
168 can be positioned 1n proximity to the one or more balls
160A/B, thereby enabling the one or more balls 160 to shift
inwardly into the one or more detents 170A/B and out of the
one or more apertures 164A/B, such that the bender shoe
102 can be positioned over the output shait 134.

With continued reference to FIGS. 3A-B and 6A-B, the
conduit bender 100 can further include a bearing wheel
assembly 176. In one embodiment, the bearing wheel assem-
bly 176 can include a bearing wheel 178. In one embodi-
ment, the bearing wheel 178 can have a substantially circular
cross-section, which optionally can define a concave groove
180 (as depicted 1n FIG. 3A) shaped and sized to enable a
portion of conduit to reside therein and pass therethrough.
Other embodiments of the bearing wheel 178 can have an
ungrooved surface (as depicted 1n FIG. 3B), so as to not limit
use ol the bearing wheel 178 to any particular conduit
diameter or size.

In one embodiment, the bearing wheel assembly 178 can
optionally include a mechanism for adjusting a distance of
the bearing wheel 178 from the output shaft 134/bender shoe
102. For example, with additional reference to FIG. 8, 1n
some embodiments, a position of the bearing wheel 178
relative to the housing 110 can be adjusted by a driver 182,
such as an electric motor or manual adjustment knob (as
depicted 1n FIG. 2C). In one embodiment, the driver 182 can
be coupled to a first gear 184, such that the driver 182 and
the first gear 184 are configured to rotate at the same speed.
The first gear 184 can be configured to interface with one or
more second gears 186A/B, which in turn can be coupled to
one or more corresponding threaded rods 188A/B. The
threaded rods 188A/B can traverse through corresponding
threaded bores 190A/B of a sliding member 192 to which the
bearing wheel 178 can be rotationally coupled. In one
embodiment, the sliding member 192 can be configured to
slide along at least one rail 194 A/B, which can be defined by
a portion of the housing 110 within the interior cavity 112.
Various gearing ratios between the first gear 184 and the one
or more gears 186 A/B have been contemplated to obtain a
desired bearing wheel adjustment actuation speed. Accord-
ingly, in one embodiment, the bearing wheel 178 can be
driven to a desired distance from the output shait 134 or
bender shoe 102 to accommodate conduit of varying sizes.

In one embodiment, the housing 110 can include one or
more bearing wheel markings 196 A-C configured to aid a
user 1 determining the location of the bearing wheel 178
relative to the output shait 134. For example, the bearing
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10

wheel markings 196 A-C can include i1deal positional indi-
cations of the bearing wheel 178 for receipt of 12 inch EMT,
% inch EMT, and 1 inch EMT; although other positional
markings are also contemplated. In some embodiments, an
arrow 198 or other alignment indicator can be present on the
sliding member 192.

In one embodiment, the conduit bender 100 can have
angular position sensing capabilities of the rotating compo-
nents relative to stationary components. In these embodi-
ments, the conduit bender 100 can include an angular
position sensor 200 configured to sense rotation of at least
one of the driven shaft 128, components of the reductive
gear set 108, output shaft 134, or bender shoe 102, relative
to the housing 110. In one exemplary embodiment depicted
in FIGS. 9A-B, at least a first portion 202 of the sensor 200
can be operably coupled to a portion of the reductive gear set
108, and can be configured to rotate during operation. A
second portion 204 of the sensor 200 can be coupled to a
stationary component (e.g., within the interior cavity 112 of
the housing 110). Accordingly, rotation of the first portion
202 relative to the second portion 204 can provide informa-
tion regarding the angular position of the rotating compo-
nents relative to the stationary components. In other embodi-
ments, the sensor 200 can be configured to sense rotational
movement of the motor 106 or driven shaft 128.

With continued reference to FIGS. 3B and 2D, as well as
FIG. 9, 1n some embodiments, the conduit bender 100 can
include a display 120 configured to display an angular
position of rotating components (e.g., the bender shoe 102)
relative to stationary components (e.g., the housing 110). In
some embodiments, the motor 106 can be smart (e.g.,
programmable), such that a user can mput a desired angular
position of the bender shoe 102 1nto a keypad 122 or other
user interface (e.g., a smartphone or other mobile computing
device) coupled to a programmable controller 206 (as
depicted 1n FIG. 10), prior to actuating the motor 106 (e.g.,
via trigger 132 or foot pedal 104). For example, 1n one
embodiment, a user can utilize a mobile computing device,
such as a cellular phone or tablet, in a wired or wireless
connection with the programmable controller 206 to trans-
mit information to and receive information from the pro-
grammable controller 206. Upon actuating the motor 106,
the programmable controller 206 can automatically cease
operation of the motor 106 upon completing the number of
rotations suflicient to reach the desired angular position.

In one embodiment, the bearing wheel driver 182 can be
at least partially controlled by the programmable controller
206. Accordingly, 1n one embodiment, the display 120/
keypad 122 or other user interface can be configured to
accept a desired conduit size, such that during bending
operations the programmable controller 206 can automati-
cally drive the bearing wheel 178 to a desired distance from
the output shaft 134 via the bearing wheel driver 182 based
on the accepted desired conduit size. In one embodiment, the
programmable controller 206 can be configured to automati-
cally drive the actuatable bearing wheel 178 from an nitial
position to a desired distance from the output shaift 134 via
the bearing wheel driver 182 to commence bending opera-
tions, and return the actuatable bearing wheel 178 to the
initial position via the bearing wheel driver 182 upon
completion of bending operations. In one embodiment, one
or more buttons on the keypad 122 are configured to enable
manual adjustment of the bearing wheel driver 182, which
in some embodiments can supplement control of the driver
182 by the programmable controller 206.

In one embodiment, one or more buttons on the keypad
122 can control a work light 208 (as depicted in FIG. 2A)
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configured to 1lluminate a portion of the conduit 1n proxim-
ity to the bending shoe 102 and bearing wheel 178. In one
embodiment, the display 120/keypad 122 includes a smart
bend angle calculator configured to determine a multiplier to
determine spacing of bends, including offset and segmented
bends.

Various embodiments of systems, devices, and methods
have been described herein. These embodiments are given
only by way of example and are not intended to limit the
scope of the claimed inventions. It should be appreciated,
moreover, that the various features of the embodiments that
have been described may be combined 1n various ways to
produce numerous additional embodiments. Moreover,
while various materials, dimensions, shapes, configurations
and locations, etc. have been described for use with dis-
closed embodiments, others besides those disclosed may be
utilized without exceeding the scope of the claimed inven-
tions.

Persons of ordinary skill in the relevant arts will recognize
that the subject matter hereof may comprise fewer features
than 1llustrated in any individual embodiment described
above. The embodiments described herein are not meant to
be an exhaustive presentation of the ways in which the
various features of the subject matter hereol may be com-
bined. Accordingly, the embodiments are not mutually
exclusive combinations of features; rather, the wvarious
embodiments can comprise a combination of different indi-
vidual features selected from different individual embodi-
ments, as understood by persons of ordinary skill in the art.
Moreover, elements described with respect to one embodi-
ment can be implemented in other embodiments even when
not described 1n such embodiments unless otherwise noted.

Although a dependent claim may refer in the claims to a
specific combination with one or more other claims, other
embodiments can also include a combination of the depen-
dent claim with the subject matter of each other dependent
claim or a combination of one or more features with other
dependent or independent claims. Such combinations are
proposed herein unless it 1s stated that a specific combina-
tion 1s not intended.

Any incorporation by reference of documents above 1s
limited such that no subject matter 1s incorporated that is
contrary to the explicit disclosure herein. Any incorporation
by reference of documents above 1s further limited such that
no claims included in the documents are incorporated by
reference herein. Any incorporation by reference of docu-
ments above 1s yet further limited such that any definitions
provided 1n the documents are not incorporated by reference
herein unless expressly imcluded herein.

For purposes of interpreting the claims, 1t 1s expressly
intended that the provisions of 35 U.S.C. § 112(1) are not to
be mvoked unless the specific terms “means for” or “step
for” are recited 1n a claim.

What 1s claimed 1s:

1. A portable, self-contained tubing bender, comprising:

a motor configured to rotate a driven shaft at a first
rotational output;

a reductive gear set operably coupling the driven shatt to
an output shaft, the reductive gear set configured to
reduce the first rotational output of the driven shait to
a second rotational output of the output shaft;

a housing defining an interior cavity configured to at least
partially house the reductive gear set;

a bender shoe coupleable to the output shait, the bender
shoe defining an arcuate channel configured to receive
tubing during bending operations;
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a sensor configured to sense rotation of at least one of the
driven shait, reductive gear set, output shatt, or bender
shoe relative to the housing;

a programmable controller; and

a remote user interface display 1n wireless communication
with the programmable controller configured to trans-
mit one or more desired tubing bend specifications to
the programmable controller,

wherein the programmable controller 1s configured to
automatically cease operation of the motor upon reach-
ing the one or more desired tubing bend specifications
as determined by the sensor.

2. The portable tubing bender of claim 1, wherein the
arcuate channel of the bender shoe 1s configured to receive
tubing having a diameter of 1-inch or greater.

3. The portable tubing bender of claam 1, wherein the
arcuate channel of the bender shoe 1s configured to receive
at least one of Flectrical Metallic Tubing (EMT), Rigid
Metal Conduit (RMC), Intermediate Metal Conduit (IMC),
copper tubing, stainless steel tubing, tubing used for use 1n
HVAC or reifrigeration systems, tubing used in elevator
systems, or other types of tubing or conduat.

4. The portable tubing bender of claim 1, wherein the
output shaft includes a quick release configured to enable
case 1n interchangeability of one or more bender shoes,
during a coupling of the one or more bender shoes to the
output shaft.

5. The portable tubing bender of claim 1, wherein the
bender shoe 1s a combination bender shoe defining a plu-
rality of arcuate channels shaped and sized to receive tubing
of different diameters.

6. The portable tubing bender of claim 1, further com-
prising a bearing member configured to guide and support
tubing during bending operations.

7. The portable tubing bender of claim 6, wheremn a
position of the bearing member 1s adjustable relative to the
housing.

8. The portable tubing bender of claim 1, further com-
prising a built-in level configured to aid in leveling the
tubing bender relative to a gravitational frame of reference
along at least an x- and y-axis.

9. The portable tubing bender of claim 1, wherein the
motor 15 battery-powered.

10. The portable tubing bender of claim 1, wherein the
remote user iterface 1s a mobile computing device and the
programmable controller 1s wirelessly couplable to the
mobile computing device.

11. The portable tubing bender of claim 1, further com-
prising a work light to illuminate the tubing 1n proximity to
the bender shoe.

12. The portable tubing bender of claim 1, wherein the
portable tubing bender 1s configured to bend the tubing
through a range of angles between about 0° and about 180°
over a time span of up to 60 seconds.

13. A tubing bender, comprising;:

a driver configured to drive a driven shaft;

a reductive gear set operably coupling the driven shait to

an output shaft;

a housing defining a handgrip and an interior cavity

configured to house the reductive gear set;

a bender shoe coupleable to the output shaft a sensor
configured to sense rotation of at least one of the driven
shaft, reductive gear set, output shait, or bender shoe
relative to the housing;

a programmable controller; and
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a remote user interface 1 wireless communication with
the programmable controller configured to transmit one
or more desired tubing bend specifications to the pro-
grammable controller,

wherein the programmable controller 1s configured to 5
automatically cease operation of the driver upon reach-
ing the one or more desired tubing bend specifications

as determined by the sensor.
14. The tubing bender of claim 13, wherein the bender

shoe 1s configured to receive tubing having a diameter of 10

1-inch or greater.
15. The tubing bender of claim 13, wherein the bender

shoe 1s a combination bender shoe defining a plurality of
arcuate channels shaped and sized to receive tubing of

different diameters. 15
16. The tubing bender of claim 13, wherein the driver 1s
battery-powered.
17. The tubing bender of claim 13, further comprising a
member configured to guide and support tubing during

bending operations. 20

14
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